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Abstract
We analyse how the reaction γ p → γ + jet + X can serve to constrain
the gluon distributions. Our results are based on a code of partonic event
generator type which includes full NLO corrections. We conclude that there
are phase space domains in which either the gluon in the photon or the gluon
in the proton give important contributions to the cross section, which should
be observable in HERA experiments.
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1 Introduction
Over the past years, the ZEUS [1, 2] and H1 [3] collaborations at HERA have been able
to observe the photoproduction of large-pT photons, and the comparisons of data with
existing NLO QCD predictions [4, 5, 6, 7, 8] appear successful. In photoproduction
reactions, a quasi-real photon, emitted at small angle from the electron, interacts
with a parton from the proton. The photon can either participate directly in the hard
scattering or be resolved into a partonic system, in which case the parton stemming
from the photon takes part in the hard interaction. Therefore photoproduction is
a privileged reaction to measure or constrain the parton distributions in the photon
and in the proton. In this paper we shall investigate the possibility to constrain both
the gluon in the photon and the gluon in the proton by looking at the production of
a large-pT photon and a jet. With the aim of enhancing the contribution of processes
involving initial gluons, we will explore various kinematical domains in detail. We
shall show that there are kinematical configurations which are dominated either by
the gluon in the photon, or by the gluon in the proton, and which should be accessible
to experiment.
The photoproduction of large-pT particles and jets has a long story ; it offers in-
teresting tests of QCD and gives access to the measurement of the initial state parton
distributions and the final state fragmentation functions (for a review, see e.g. [9]).
Reactions involving large-pT jets and/or hadrons have been copiously observed be-
cause of their large cross sections, whereas the production of prompt photons has been
measured only more recently and the statistical errors are still rather large. However,
this latter reaction has advantages with respect to jet or hadron production. Indeed
a large transverse momentum is necessary to unambiguously define a jet and to avoid
too large hadronisation and underlying events corrections. The theoretical predic-
tions also are subject to uncertainties due to scale variations. All these effects are
quite sizeable, even for EjetT > 21 GeV [10]. The photoproduction of large-pT hadrons
also suffers from sizeable theoretical uncertainties coming from a large sensitivity to
scale variations and from the fragmentation functions which are not very accurately
measured [11, 12]. In the case of a large-pT photon, there is of course no problem
due to jet definition, hadronisation or inaccurate fragmentation functions (only iso-
lated photons are observed). Even more importantly, the theoretical predictions are
reasonably stable under scale variations. Therefore the photoproduction of prompt
photons appears as an ideal reaction to test QCD and measure the non-perturbative
inputs.
However one must keep in mind two reserves, one of experimental and another
one of theoretical nature. First, the measured cross sections are small and become
rapidly very low at peripheral regions of the phase space which might be physically
interesting. Moreover, the detection of a photon among the huge amount of large-pT
π0’s is not an easy task. Second, only isolated photons are observed, the isolation
criterion being that very little hadronic energy is contained in a cone surrounding
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the photon. This has the advantage of reducing the fragmentation component of the
cross section, but at the same time this isolation can eliminate events containing too
much hadronic energy coming from the underlying event in the cone, an effect which
cannot be taken into account in the NLO calculations. This point has been discussed
in [6] and studied by the H1 collaboration [3, 13].
In order to constrain the kinematics of the different subprocesses, it is important to
observe a large-pT jet in association with the photon, which introduces uncertainties in
the comparison between data and theory due to hadronisation and underlying event
phenomena. However, the effect of these phenomena can be considerably reduced
if the transverse momentum of the jet, which is not well measured, is not used to
constrain the kinematics, but only its rapidity. This is done by using the variables
xLL [14, 6] instead of the commonly used xobs. We will make an extensive use of the
variables xLL for the proton and the photon in order to constrain the kinematical
region relevant for the observation of the gluon distributions.
Our paper is organised in the following way. In Section 2, we discuss theoretical
issues related to the subsequent numerical studies, such as photon isolation, suitable
observables to study the parton distributions and the importance of asymmetric cuts
on the minimum transverse energies. Section 3 contains the numerical results, where
first the sensitivity to the gluon content of the proton is studied. Then we turn to
the gluon distribution in the real photon before we conclude in Section 4.
2 Theoretical framework
As the general framework of the calculation already has been described in detail
in [5, 6], we will sketch the method only briefly here and focus instead on issues
related to the gluon distributions.
In photoproduction, the electron acts like a source of quasi-real photons whose
spectrum can be described by the Weizsa¨cker-Williams approximation, which we use
in the following form
f eγ (y) =
αem
2π
{
1 + (1− y)2
y
ln
Q2max(1− y)
m2ey
2
− 2(1− y)
y
}
. (1)
As already mentioned, the quasi-real photon then either takes part directly in the hard
scattering process, or it acts as a composite object, being a source of partons which
take part in the hard subprocess. The latter mechanism is referred to as resolved
process and is parametrised by the parton distributions in the photon Fa/γ(x
γ , Q2).
Thus the distribution of partons of type ”a” in the electron is a convolution
Fa/e(xe,M) =
∫ 1
0
dy dxγ f eγ(y)Fa/γ(x
γ ,M) δ(xγy − xe) (2)
where in the ”direct” case the parton a is the photon itself, i.e. Fa/γ(x
γ ,M) = δaγδ(1−
xγ). The parton distributions in the photon Fa/γ(x,Q
2) behave like α/αs(Q
2) for large
2
Q2. Therefore the additional power of αs contained in the ”resolved” component as
compared to the ”direct” one is compensated. This means that the NLO corrections
to the resolved component can be numerically sizeable and have to be taken into
account.
The cross section can symbolically be written as
dσep→γ j(Pe, Pp, Pγ, Pj) =∑
a,b
∫
dxe
∫
dxp Fa/e(xe,M)Fb/p(xp,M){dσˆdir + dσˆfrag} (3)
dσˆdir = dσˆab→γ j(xa, xb, Pγ, Pj, µ,M,MF )
dσˆfrag =
∑
c
∫
dz Dγ/c(z,MF )dσˆ
ab→c j(xa, xb, Pγ/z, Pj, µ,M,MF )
where we have split the hard scattering cross sections σˆ explicitly into a ”direct”
and a ”fragmentation” part in order to point out that there are two contributions
to the ”prompt photon” in the final state: The ”direct” one, where the final state
photon is produced directly in the hard interaction, and the one where the photon
stems from the fragmentation of a large-pT quark or gluon in the final state. This
fragmentation process is described by the fragmentation functions Dγ/c(z,MF ). At
next-to-leading order, the distinction between ”direct” and ”fragmentation” becomes
scheme dependent because the final state collinear singularity appearing in a ”direct”
process like γg → γqq¯ when a quark becomes collinear to the photon is absorbed at
the fragmentation scale MF into the ”bare” fragmentation functions, and where to
attribute the finite parts is a matter of choice of the factorisation scheme. In our
calculation we use the MS scheme.
Note that the cross section (3) depends on three scales, the renormalisation scale
µ, the initial state factorisation scale M , and the fragmentation scale MF , and that it
can be considered as consisting of 4 categories of subprocesses, depending on whether
there is a ”direct” photon in the initial and/or final state: 1. direct direct, 2. re-
solved direct, 3. direct fragmentation, 4. resolved fragmentation. Each of these
contributions consists of several partonic subprocesses at NLO and is strongly scale
dependent. Only in the sum this scale dependence cancels to a large extent, and
only the sum can be considered as a physical quantity. This has to be kept in mind
when the contributions of certain subprocesses only will be considered below, in or-
der to estimate the contribution of gluon initiated processes. The study of particular
subprocesses can be very useful to get an idea of the underlying parton dynamics,
but cannot be considered as precise quantitative statements because of the scale and
scheme dependence outlined above.
We would like to emphasize that we calculated the full NLO corrections to all
four categories of subprocesses. We also included the quark loop box contribution
γg → γg which is NNLO from a naive αs power counting point of view, but as
the process γg → γg does not exist at tree level, the box is the ”leading order”
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diagram for this process, and its numerical contribution is quite sizeable [5]. The
calculation presented in [7, 8] has no higher order corrections to the resolved-direct,
direct-fragmentation and resolved-fragmentation contributions. It only contains the
higher order corrections to the direct-direct part, and the box contribution is also
included.
Photon Isolation
In prompt photon measurements, the experimental challenge consists in the sepa-
ration of prompt photon events from the large background of secondary photons
produced by the decay of light mesons, predominantly π0 mesons. The latter, when
produced at high energy, decay into two almost collinear photons which cannot be
resolved in the calorimeter. However, they are in general accompanied by hadronic
energy and thus this background can be suppressed by isolation cuts.
Commonly a cone isolation criterion is used, defined in the following way2: A
photon is isolated if, inside a cone centered around the photon direction in the rapidity
and azimuthal angle plane, the amount of hadronic transverse energy EhadT deposited
is smaller than some value ET,max fixed by the experiment:
(η − ηγ)2 + (φ− φγ)2 ≤ R2exp
EhadT ≤ ET,max .
(4)
Following the HERA conventions, we used ET,max = ǫ p
γ
T with ǫ = 0.1 and Rexp =
1. Of course isolation not only reduces the background from secondary photons, but
also substantially reduces the fragmentation components, such that the total cross
section depends very little on the fragmentation functions.
But another, undesired, effect of isolation is a partial suppression of the direct
contribution. Indeed, the hadronic transverse energy EhadT deposited in the cone may
stem from the soft underlying event due to the spectator-spectator collisions. This
renders the effective isolation cut more stringent and leads to a decrease of the cross
section, included the direct contributions. The simulation of this effect, discussed in
[5], requires a good knowledge of the hadron distributions in the underlying event,
which is asymmetric in γ p collisions ; it has been studied in recent H1 publications
[3, 13].
2A more sophisticated criterion has been proposed in [15], in which the veto on accompanying
hadronic transverse energy is the more severe, the closer the corresponding hadron is to the photon
direction. It has been designed to make the fragmentation contribution vanish completely, in an
infrared safe way, but is less straightforward to implement experimentally.
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2.1 Suitable observables to study the parton distributions
As observables which serve to reconstruct the longitudinal momentum fraction of the
parton stemming from the proton respectively photon, it is common to use
xpobs =
pγT e
ηγ + EjetT e
ηjet
2Ep
, xγobs =
pγT e
−ηγ + EjetT e
−ηjet
2Eγ
. (5)
However, as the measurement of EjetT can be a substantial source of systematic errors
at low ET values, we propose a slightly different variable which does not depend on
EjetT ,
xp,γLL =
pγT (e
±ηγ + e±η
jet
)
2Ep,γ
. (6)
At leading order, for the non-fragmentation contribution, the variables xobs and xLL
coincide, and they are also equal to the ”true” partonic longitudinal momentum
fraction, i.e. the argument of the parton distribution function. At NLO, the real
corrections involve 3 partons in the final state (with transverse momenta pT3, pT4, pT5),
one of which – say parton 5 – is unobserved. Therefore, xobs and xLL will be different
at NLO.
Figure 1: Comparison of xLL and xobs for the proton and
the photon. The photon and jet rapidities and transverse
energies have been integrated in the range −2 ≤ ηγ,jet ≤ 4,
pγT ≥ 6GeV, EjetT ≥ 5GeV,
√
s = 318GeV.
The difference be-
tween xLL and xobs is
rather small in the pro-
ton case, as shown in
Fig. 1 a). In the pho-
ton case, xγLL and x
γ
obs
are very similar in the
region 0<∼xγ <∼ 0.85. How-
ever, for xγ close to one,
there are important dif-
ferences between xγLL
and xγobs, the former
leading to a smoother
distribution dσ/dxγ if
the size of the bins
around xγ = 1 is not
chosen too small (see
Fig. 1 b).
2.2 Asymmetric cuts
It is well known [16, 14, 6] that symmetric cuts on the minimum transverse energies of
dijets or a photon plus a jet should be avoided as they amount to including a region
where the fixed order perturbative calculation shows infrared sensitivity. As explained
in detail in [6], the problem stems from terms ∼ log2(|1− pγT/EjetT,min|) which become
large as pγT approaches E
jet
T,min, the lower cut on the jet transverse energy. Therefore
the partonic NLO cross section has a singular behaviour at pγT = E
jet
T,min, which is
displayed in Fig. 2. Of course, analogously, there are log2(|1 − EjetT /pγT,min|) terms
which become large for EjetT → pγT,min, see Fig. 3.
Figure 2: Logarithmic singularity in dσ/dpγT at
pγT = E
jet
T,min.
The comparison with data
can be done in two ways. First, if
one wants to display e.g. the dif-
ferential cross section dσ/dEjetT
while pγT,min lies within the con-
sidered EjetT range, the binning
in EjetT must be chosen large
enough to average over the loga-
rithmic singularity which is inte-
grable. For instance, the binning
EjetT − ∆ ≤ pγT,min ≤ EjetT + ∆
with ∆ = 0.5GeV for the bin
around pγT,min = 7GeV in Fig. 3
should lead to a correct aver-
age of the theoretical singular-
ity and allow for a comparison
with data. Obviously, dσ/dpγT
will not exhibit a problem as long
as EjetT,min < p
γ
T,min since the criti-
cal point pγT = E
jet
T,min will not be
reached in this case.
Second, one often would like to have a more inclusive cross section such as dσ/dηγ,
obtained by integrating the differential cross section over pγT and E
jet
T . In this case one
should not choose pγT,min = E
jet
T,min as this amounts to integrating the spectrum of Fig. 3
to the right-hand side of pγT,min only and thus to picking up only the singular negative
contribution to the NLO cross section, without the compensation coming from the
positive contribution to the left of pγT,min. As a result, the theoretical prediction,
although being finite, is infrared sensitive as a consequence of choosing symmetric
cuts. This point has been discussed in detail in ref. [6].
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Figure 3: The logarithmic singularity in
dσ/dEjetT at E
jet
T = p
γ
T,min is averaged over
by choosing the binning large enough.
It is also illustrated in Fig. 4, where
we consider the cross section dσ/dηjet
in a kinematic range studied by H1.
To exhibit the effect of different cuts
on EjetT , we vary E
jet
T,min to take the
values 4, 4.5 or 5 GeV, while pγT,min
has been fixed to 5 GeV, and display
direct and resolved parts separately.
Note that the leading order prediction
is the same for all three values of EjetT,min
as EjetT cannot become smaller than
pγT,min at leading order. One observes
that in the direct part at small rapidi-
ties, the higher order corrections are
large and negative. In the case of sym-
metric cuts, they are even negative in
the resolved part at small rapidities,
and the theoretical prediction depends
strongly on the small change in EjetT,min
from 5 GeV to 4.5 GeV, whereas away from the symmetric cut region, the prediction
is much more stable under small changes of EjetT,min.
Figure 4: Magnitude of higher order corrections to di-
rect/resolved parts separately
In summary, we repeat
that for a successful com-
parison of data and NLO
theory, one has to either
ensure to stay away from
IR singular domains or
to consider suitably aver-
aged observables. In what
concerns the cuts on pγT
and EjetT , this amounts to
choosing asymmetric cuts
adapted to the observ-
able. Therefore we dis-
agree with the statement
made in [17] that asym-
metric cuts are not supe-
rior to symmetric ones.
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3 Numerical results
Our studies are based on the program EPHOX3, which is a partonic Monte Carlo
event generator. Unless stated otherwise, we use the following input for our nu-
merical results: A center of mass energy
√
s = 318GeV with Ee = 27.5GeV and
Ep = 920GeV is used. The cuts on the minimum transverse energies of photon
and jet are EjetT > 5GeV, p
γ
T > 6GeV. The rapidities have been integrated over
in the domain −2 ≤ ηγ, ηjet ≤ 4 unless stated otherwise. For the parton distribu-
tions in the proton we take the MRST01 [18] parametrisation, for the photon we use
AFG044 [19] distribution functions and BFG [20] fragmentation functions. We take
nf = 4 flavours, and for αs(µ) we use an exact solution of the two-loop renormalisa-
tion group equation, and not an expansion in log(µ/Λ). The default scale choice is
M = MF = µ = p
γ
T . Jets are defined using the kT -algorithm [21]. The rapidities refer
to the e p laboratory frame, with the HERA convention that the proton is moving
towards positive rapidity.
3.1 The gluon distribution in the proton
As explained already in Section 1, an accurate knowledge of the gluon distribution
in the proton is very important at the LHC because of its large gluon luminosity. At
present the error on important cross sections at the LHC stemming from the gluon
pdfs is about 5-7%, but can be up to 20% in certain cases. Therefore our aim is to
find a region where 1) the sensitivity to the gluon in the proton is enhanced, 2) xp is
rather large, 3) the uncertainty stemming from the poorly known gluon in the photon
is minimised.
Cut on xγ
Requirement 3) can be assured most easily by imposing a lower cut xγmin on x
γ because
at small xγ the gluon in the photon is large. On the other hand, large values of xγ ,
corresponding mainly to direct initial state photons, correspond to small values of
xp at a fixed pT value, according to eq. (6). Therefore 2) can be achieved by a
cut xγmax on x
γ . In prompt photon production, the contribution from the process
γ (direct) + gp → γ (direct) + jet is rather small anyway because this process does
exist only at NLO. Therefore the subprocess qγ + gp → γ+ jet is the one which
should dominate in the region fulfilling the requirements 1) – 3), and our aim is to
enhance the contribution of this subprocess. To this aim we investigated how cuts on
xγ act in this respect, and found that the cut 0.05 < xγLL < 0.95 maximally enhances
the sensitivity to the gluon in the proton while keeping the contribution from gγ
3The program together with detailed documentation is available at
http://wwwlapp.in2p3.fr/lapth/PHOX FAMILY/main.html.
4This parametrisation has been used in ref. [12] under the name AFG02.
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negligible, as shown in Fig. 5. Note that the contributions ‘gp only’ and ‘gγ only’ are
not disjunct, they both contain the subprocess gp + gγ → γ+ jet. This subprocess
does not exist at leading order, but beyond LO its contribution is non-zero and in
fact negative. This can clearly be seen in Fig. 5: The cut 0.05 < xγLL < 0.95 actually
enhances the total value of the gp-initiated part of the cross section, because the
lower limit 0.05 < xγLL removes mainly the g
p + gγ initiated part. The fact that the
gp + gγ contribution is negative also reminds us that the individual subprocesses are
unphysical, such that these considerations can be viewed only as qualitative reflections
of the underlying parton dynamics.
Figure 5: Effect of a cut on xγLL to enhance the contribution of g
p initiated subpro-
cesses
Fig. 6 shows in detail, as a function of the photon rapidity, how the requirement
0.05 < xγLL < 0.95 suppresses the direct photon contribution and enhances the relative
importance of the subprocess gp + qγ → γ+ jet, especially in the region ηγ <∼ 1.
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Figure 6: Relative importance of different subprocesses as a function of photon rapi-
dity. The contribution from the direct photon gets suppressed by the cut xγLL < 0.95 .
Rapidity cuts
Another possibility to enhance the contribution of the qγgp initiated subprocesses is
to impose rapidity cuts. Whereas xobs,LL are variables where rapidity and energy
measurements enter, using rapidity cuts only is very straightforward experimentally.
At small rapidities the Compton process γ qp → γ q dominates. Further to the forward
region, the importance of qγgp initiated subprocesses increases, while at very large
rapidities the gluon in the photon also plays a role. Therefore, one can also meet
requirements 1) to 3) by restricting the photon and jet rapidities to positive values.
Fig. 7 shows that the relative contribution of gp-initiated processes increases from
about 35% of the total in the full rapidity range −2 < ηγ,jet < 4 (Fig. 7 a), to about
48% in the region 0 < ηγ,jet < 4, while the contribution from the gluon in the photon
is still small, as can be seen from Fig. 7 b. Cutting further (e.g. 1 < ηγ,jet < 4) only
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reduces the cross section substantially and introduces a larger uncertainty from the
gluon in the photon.
Figure 7: Restricting the rapidities to positive values enhances the relative contribu-
tion of gp-initiated processes.
Comparing the two methods, we find that the cut 0.05 < xγLL < 0.95 reduces the
total cross section only by about 31%, enhancing the contribution from the gluon
in the proton from about 35% of the total to 56% of the total. The rapidity cut
0 < ηγ,jet < 4 reduces the cross section by about 70% as compared to the range
−2 < ηγ,jet < 4.
Scale dependence
Fig. 8 shows that the NLO cross section dσ/dxpLL is very stable under scale changes.
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Figure 8: Scale dependence of the cross section dσ/dxpLL.
In Fig. 9, we show the predictions obtained with different parametrisations of
parton distribution functions for the proton, where we chose the set CTEQ6M [22]
and two different sets of MRST01 [18], the default set and the set MRST01J, which
gives better agreement with the Tevatron high-ET inclusive jet data due to a ”bump”
in the gluon distribution at large x.
Comparing Figs. 8 and 9, we notice that the differences in the cross sections due
to different parton distribution functions are of the order of the variations due to the
scale changes. However, this situation can be somewhat improved: Fig. 10 shows that
the cut 0.05 < xγLL < 0.95 makes the differences between various parametrisations
more pronounced (as it enhances the gluon initiated contribution to the cross section),
especially in the region xpLL<∼ 0.02. On the other hand, the variation of the cross
section due to scale changes in the region xpLL<∼ 0.015 is not increased by the presence
Figure 9: Dependence of the cross section dσ/dxpLL on different parton distribution
functions for the proton.
of the cut on xγLL. Therefore, the reaction γ p→ γ+ jet+X could indeed be useful to
further constrain the gluon in the proton in the range xpLL<∼ 0.015. However, it is also
clear that data with very high statistics are needed to distinguish between different
parametrisations.
13
Figure 10: The cut 0.05 < xγLL < 0.95 enhances the gluon contribution and thus the
differences between the parton distribution functions in the region xpLL<∼ 0.015, while
it does not affect the stability with respect to scale changes.
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3.2 The gluon content of the photon
The photoproduction of large-pT jets, hadrons and photons are privileged reactions
to explore the gluon content of the resolved photon, which is hardly observable in γ γ∗
DIS. However, as discussed in the introduction, the scale dependence of the hadron
and jet production cross sections is not negligible, whereas the photon cross section
is more stable. This fact should allow us a more accurate determination of the gluon
distribution in the photon, gγ(xγ , Q2).
Figure 11: Magnitude of different subprocesses over the full photon rapidity range.
The jet rapidities have been integrated over −2 < ηjet < 4, and EjetT > 5GeV,
pγT > 6GeV.
In Fig. 11 we display the various contributions to the cross section dσ/dηγ. The
gluon distribution gγ(xγ , Q2) only contributes at small values of xγ , corresponding to
large values of ηγ, and we shall try, by various cuts, to enhance the relative contribu-
tion of this component.
In Fig. 12 we see that the direct contribution, corresponding to xγLL close to one,
does not screen the contribution initiated by the gluon in the photon. But at smaller
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values of xγLL, the ‘background’ coming from other subprocesses, such as q
γgp → qg,
is large. Exactly this fact has been exploited to enhance the gluon from the proton
by restricting xγLL to intermediate values, see Fig. 5. Now we would like to enhance
the gluon from the photon, and therefore we impose a lower cut on xpLL in order to
reduce the contributions from the gluon in the proton. However, this cut has no effect
at very small values of xγLL, where the gluon in the photon is most visible. Therefore,
contrary to the situation for the gluon in the proton treated in the previous subsection,
cuts on the photon and jet rapidities are more effective than cuts on xpLL to enhance
the gluon in the photon, as shown in Fig. 13. Fig. 13 a) shows that if the photon
Figure 12: Effect of a lower cut on xpLL on the relative contribution from the gluon in
the photon.
and jet rapidities are restricted to positive values, the resolved photon component is
already fairly large, but the gluon content of the latter is still small. If we restrict
the rapidities more to the forward region – especially the jet rapidity, which can
be measured at larger angles – the direct photon contribution is almost completely
suppressed, and the gluon contribution makes up almost 40% of the total, as shown
in Fig. 13 b). Imposing even more severe cuts only decreases the cross section further
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without increasing the gluon content substantially, as can be seen from Fig. 13 c).
Therefore the rapidity cut ηγ > 0.5, ηjet > 1.5 seems to be the optimal compromise
between enhancement of the gluon content and reduction of the cross section.
Figure 13: Effect of rapidity cuts to enhance the contribution from the gluon in the
photon.
Note that the lower cuts on the transverse momenta are rather large, pγT > 6GeV,
EjetT > 5GeV. One can increase the cross section by choosing lower pT cuts, as shown
in Fig. 14. This figure also shows the scale dependence of dσ/dxγLL in the presence
of the cuts ηγ > 0, ηjet > 0 respectively ηγ > 0.5, ηjet > 1.5. The behaviour of the
cross section dσ/dxγLL, which varies by ± 8% under the scale changes, is less good
than the behaviour of dσ/dxpLL (see Fig. 8). However, one should keep in mind that
the distribution gγ is poorly known and that a determination of the latter with an
accuracy of ± 10% would already be welcome.
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Figure 14: Scale dependence of dσ/dxγLL in the presence of forward rapidity cuts.
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4 Conclusions
In this work we studied the possibility to measure the gluon distribution in the proton
and in the photon by means of the reaction γ + p → γ+ jet + X. This reaction is
well suited for such a study because of the stability of the theoretical prediction under
variations of the renormalisation and factorisation scales, and because the prompt
photon cross section does not suffer from large uncertainties due to hadronisation in
the final state.
We have shown that gluon induced subprocesses give important contributions to
the cross section in the x-ranges 0 < xpLL <∼ 0.1 for the proton and 0 < xγLL <∼ 0.2 for
the photon.
The effects of cuts on xγLL respectively x
p
LL, or on the pseudo-rapidities η
γ and
ηjet, are investigated in detail. We found that a judicious choice of cuts allows us
to enhance the ‘signals’, i.e. the gluon induced subprocesses, over the ‘background’
stemming from other subprocesses, to constitute up to ∼ 50% of the total cross
section.
However, the relevant cross sections are small, of the order of 10 - 50 pb. Clearly
these numbers require a large luminosity to obtain observable effects.
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